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Description 

SUCROSE-INDUCIBLE PROMOTER FROM S WEETPOTATO 
Technical Field 

[1] The present invention relates to a plant sucrose-inducible promoter sequence. More 

specifically, the present invention relates to a plant sucrose-inducible promoter 
sequence which originates from sweetpotato ADP-glucose pyrophosphorylase gene ( 
ibAGPl) and can confer a high level of sucrose-inducible expression in plants. In 
addition, the present invention relates to plant sucrose-inducible expression vectors 
comprising the promoter sequence, and to production of a transgenic plant using the 
promoter sequence. 

Background Art 

Molecular breeding technology for crops makes it possible to use the genes of all 
species as breeding material and to regulate the effects of breeding minutely at the 
gene level instead of at the genome level as in the past. Therefore it is one of the core 
technologies leading into the next generation of agriculture. 

In order to maximize the effects of such molecular breeding technologies for crops, 
the essential prerequisites are as follows: 

1) The accumulation of a database of genes to represent various plants; 

2) The establishment of transformation systems for various crops; and 

3) The development of promoters that regulate the expression of foreign genes 
inserted into plants. 

In foreign countries promoters regulating the expression of plant genes have been 
studied since the early 1980's. It has been suggested that a promoter of cauliflower 
mosaic virus could induce high levels of gene expression in all kinds of plant tissues 
(Hohn et al., 1982, C«rr, Topics Microbiol Immunol 96: 193-236). 

Subsequently, the sequence of the promoter was identified (Odell et al., 1985, 
Nature 313:810-812). It was proven that the promoter could induce high levels of gene 
expression in plants (Sanders et al., 1987, Nucleic Acids Res, 15: 1543-58). Since then, 
CaMV 35S promoter (Patent NO.: JP1993192172-A1) has become the most universal 
promoter used in plants. 

Since the identification of CaMV 35S, other inducible promoters whose activities 
increase under biotic or abiotic conditions have been actively studied. 

Especially, sucrose-inducible promoters whose activities increase upon treatment 
with sucrose have been actively studied. Such sucrose-inducible promoters have merits 
when applied to the mass production of useful medicinal and industrial proteins in 
plant storage organ tissues, such as storage roots, which contain starch synthesized 



from sucrose in relatively large quantities. Such useful proteins include very valuable 
and expensive medicinal or industrial proteins, such as interferon, growth hormones, 
Lactoferrin, and phytase. 

The studies on sucrose-inducible promoters have been focused on genes coding 
storage proteins accumulated in storage organ tissues or genes relating to the synthesis 
of starch. 

For example, patatin is a storage protein in the potato. It has been identified that the 
activity of a patatin gene promoter is increased by sucrose (Rocha-Sosa et al., 1989, 
EMBO J 8, 23-31; Wenzler et al., 1989a, Plant Mol. Biol. 12, 41-50; Wenzler et al., 
1989b, Plant Mol. Biol. 13, 347-354). It has also been reported that a specific 
nucleotide sequence of the -344 region of the promoter (B sequence) plays an essential 
role in sucrose induction (Grierson et al., 1994, Plant J, 5, 815-826). 

Meanwhile, there are two sucrose synthase genes, Sus3 and Sus4, in the potato. It 
has been identified that Sus4, among the two genes, is expressed by sucrose 
(Salanoubat and BelUard, 1989, GENE 84, 181-185). In addition, it has been reported 
that the -1500 ~ -267 region of the Sus4 gene promoter, the 3' untranslated region, and 
a 1612 bp leader intron are essential for sucrose induction (Fu et al., 1995, Plant Cell 7, 
1387-1394). 

Furthermore, it has been identified that the activity of a starch-branching enzyme I 
(SBEl) gene promoter in com is increased by sucrose, and that a sequence between - 
314 and -145, relative to the transcription initiation site of the gene, is essential for 
sucrose induction (Kim and Guiltinan, 1999, Plant Physiology 121, 225-236). 

In addition, it has been reported that the activity of a P-amylase gene promoter in 
sweetpotato is inducible by sucrose and that a sequence between -901 and -820, 
relative to the transcription initiation site of the gene, is essential for sucrose induction. 
Furthermore, a TGGACGG sequence therein plays an important role as a regulator 
(Maeo et al., 2001, Plant Mol. Biol. 46, 627-637). 

Meanwhile, ADP-glucose pyrophosphorlyase is believed to be the key regulatory 
enzyme in controlling the amount of starch in plants. The ADP-glucose pyrophos- 
phorlyase gene promoters in tomato and Arabidopsis have been reported to be sucrose- 
inducible (Siedlecka et al., 2003, Planta 217, 184-192; Li et al., 2002, Plant Science 
162, 239-244). In addition, it has been reported that the activity of the promoter in 
Arabidopsis is decreased by okadaic acid, which is an inhibitor of protein phosphatase 
I and 2A. 

Meanwhile, there are two ADP-glucose pyrophosphorlyase genes, ibAGPl and 
ibAGPZ, in sweetpotato. It has been reported that the expression of the ibAGPl gene 
(the gene was previously named ibAGP-sTLl) is enhanced by sucrose (Bae and Liu, 
1997, Molecular Genetics and Genomics 154, 179-185). The full nucleotide sequences 



of the above two genes have been analyzed and compared, and the transcription 
initiation site of each of the genes has been identified (Noh et al., in press, GENE). 

However, nucleotide sequence of highly efficient sucrose-inducible promoter has 
not been reported. Therefore, there is an increasing need for sucrose-inducible 
promoters that can play important roles in the cheap and efficient production of useful 
foreign proteins in large quantities in plants. 

Disclosure of Invention 
Technical Problem 

In order to solve the above problems and needs, an object of the present invention is 
to provide a sucrose-inducible promoter sequence that can induce a high level 
expression of target genes and that is derived from the sweetpotato ADP-glucose py- 
rophosphorlyase gene {ibAGPl). 

Another object of the p'resent invention is to provide a sucrose-inducible vector for 
plant transformation comprising the sucrose-inducible promoter sequence directing a 
high level of expression of target genes and a 5' untranslated region of the ibAGPl 
gene. 

A still further object of the present invention is to provide a transgenic plant 
transformed with the same vector, capable of producing useful materials in large 
quantities in storage organ tissues of plants, such as in storage roots. 

Technical Solution 

In order to accomplish the above objects, the present inventors have cloned a 
sucrose-inducible promoter region of the sweetpotato ADP-glucose pyrophosphoriyase 
gene {ibAGPl) and constructed a vector for plant transformation and a transient 
expression vector comprising the above promoter with the 5* untranslated region of the 
same gene. These inventors have subsequently induced expression in the storage roots 
using the same vectors, and observed a high level of activity of the promoter with 
regard to sucrose inducibility to accomplish the present invention. 

Therefore, the present invention provides the isolated DNA sequence of the 
sucrose-inducible promoter region and the 5* untranslated region of the sweetpotato 
ADP-glucose pyrophosphoriyase gene {ibAGPl) comprising the sequences of SEQ ID 
NO: 1. 

The above DNA sequence of the promoter is derived from the region of bp -1 to - 
1908 relative to the transcription initiation site of the sweetpotato ADP-glucose py- 
rophosphoriyase gene {ibAGPl) in SEQ ID NO: l(see Fig. 1). The high levels of 
activity of the promoter according to the present invention can be induced by sucrose 
in plants. 

The above untranslated region comprises the untranslated region of bp +1 to +68 
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relative to the transcription initiation site of the sweetpotato ADP-glucose pyrophos- 
phorlyase gene (ibAGPl) in SEQ ID NO: l(see Fig. 1). The untranslated region 
according to the present invention possibly can induce a high level of expression of the 
target gene, like the other reported 5' untranslated regions of plants, by enhancing the 
translation efficacy of a target foreign gene introduced into the plant. 

[26] In order to accomplish another object, the present invention provides a sucrose- 

inducible vector for plant transformation (pSPagp 1-101) and a transient expression 
vector (pSPagp 1-221), comprising a plant sucrose-inducible promoter directing high 
levels of expression in plants and a 5' untranslated region of the sweetpotato ADP- 
glucose pyrophosphorlyase gene (ibAGPl). 

[27] The above sucrose-inducible vector for plant transformation means a binary vector 

that can permanently express foreign genes in transgenic plants. The above transient 
expression vector means a vector that can transiently express foreign genes in plants. 

[28] The binary vector can be any binary vector comprising the RB and LB of T-DNA 

that can transform the plant in the presence of the Ti plasmid of Agrobacterium 
tumefaciens . Preferably, it may be a binary vector frequently used in the related field, 
such as the pBIlOl (cat#: 6018-1, Clonetech, USA), pBIN (Genbank accession NO. 
U09365), pBI121, pBIN20, or BIBAC vectors. 

[29] Concerning the sucrose-inducible vectors (pSPagp 1-101, pSPagp 1 -22 1 ) for plants 

according to the present invention, the promoter and 5* untranslated region of ADP- 
glucose pyrophosphorlyase gene {ibAGPl) according to the present invention are 
located in front of the foreign gene in pBIlOl and pBI221. The present invention 
provides pSPagpl-lOl and pSPagpl-221 (see Figs. 2 and 3) prepared by inserting the 
promoter and 5' untranslated region of ADP-glucose pyrophosphorlyase gene {ibAGPl 
) according to the present invention into the vector (pBIlOl and pBI221) including the 
GUS reporter gene. However, the GUS reporter gene is a foreign gene, and is expected 
to be replaceable with any other useful foreign gene. 

[30] The present invention provides a transgenic plant using the sucrose-inducible binary 

vector according to the present invention. Further the present invention provides a 
storage root transiently transformed using the transient expression vector according to 
the presbnt invention. 

[31] Plants can be transformed with the above plant sucrose -inducible binary vector 

using, for example, Agrobacterium tumefaciens (An, G. 1987, Plant Physiology) or the 
method of particle bombardment (Lacorte et al., 1997, Plant Cell Reports). In the 
present invention, for example, Arabidopsis is transformed using the floral dip method 
(Clough and Bent, 1998, Plant J.). Plant storage roots can be transiently transformed 
using the transient expression vector, according to the present invention, and the 
particle bombardment method. The transient expression vector of the present invention 
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can transform storage roots regardless of the kind of crop. Examples of crops include 
carrots, etc. 

[32] The above foreign gene may be any gene that is intended to be expressed in large 

quantities in plant storage organ tissues which contain sucrose in relatively large 
quantities to accumulate starch in large quantities in the plant. Furthermore, the foreign 
genes are located next to the promoter and 5' untranslated region of the sweetpotato 
ADP-glucose pyrophosphorlyase gene {ibAGPl) in the plant sucrose-inducible vector 
according to the present invention and may be expressed in the form of being fused 
with the reporter genes if necessary. 

[33] The present invention provides PGR primers of SEQ ID NO: 2 ~ SEQ ID NO: 5 

suitable for amplifying DNA fragment of plant sucrose-inducible promoter according 
to the present invention. 

Advantageous Effects 

[34] The present invention provides a sucrose-inducible promoter and 5' untranslated 

region of the ADP-glucose pyrophosphorlyase gene (ibAGPl) from sweetpotato ( 
Ipomoea batatas). The promoter and 5' untranslated region according to the present 
invention can confer sucrose-inducible expression in plants, and, particularly, can 
confer high levels of expression in plant storage roots which contain sucrose in 
relatively large quantities to accumulate starch in large quantities in the plants. 

[35] Therefore, the present invention may be useful for the generation of transgenic 

plants to produce useful proteins in large quantities in plant storage roots. Such useful 
proteins include very valuable and expensive medicinal or industrial proteins, such as 
interferon, growth hormones, Lactoferrin, and phytase. 

Brief Description of the Drawings 

[36] The above and other objects, features and other advantages of the present invention 

will be more clearly understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

[37] Fig. 1 shows DNA sequences of a plant sucrose-inducible promoter and a 5' un- 

translated region of the sweetpotato ADP-glucose pyrophosphorlyase gene {ibAGPl) 
according to the present invention; 

[38] Fig. 2 shows a diagrammatic representation of a binary vector for plant trans- 

formation (hereinafter referred to as 'pSPagp 1-101') comprising sequences of plant 
sucrose-inducible promoter and a 5 ' untranslated region of the sweetpotato ADP- 
glucose pyrophosphorlyase gene {ibAGPl) according to the present invention; 

[39] Fig. 3 shows a diagrammatic representation of a transient expression vector 

(hereinafter referred to as 'pSPagp 1-221') comprising sequences of a plant sucrose- 
inducible promoter and a 5' untranslated region of the sweetpotato ADP-glucose py- 
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rophosphorlyase gene (ibAGPl) according to the present invention; 
[40] Fig. 4 shows GUS expression patterns of each tissue observed after histochemical 

staining of Arabidopsis transformed with the pSPagpl-101; 
[41] Fig. 5 shows the results of quantitative analysis of GUS after sucrose treating of 

Arabidopsis transformed with the pSPagpl-101; and 
[42] Fig. 6 shows results of transient assay with carrot taproots using pSPagp 1-221 

according to the present invention. 

Best JMode for Carrying Out the Invention 

[43] The following examples will enable those skilled in the art to more clearly 

understand how to practice the present invention. It is to be understood that, while the 
invention has been described in conjunction with the preferred specific embodiments 
thereof, that which follows is intended to illustrate, not to limit the scope of the 
invention. Other aspects of the invention will be apparent to those skilled in the art to 
which the invention pertains. 

[44] Example 1: cloning of the sucrose-inducible promoter of the sweetpotato ADP- 

glucose pyrophosphorlyase gene ( ibAGPl ^ 

[45] A promoter of the sweetpotato ADP-glucose pyrophosphorlyase gene {ibAGPl) 

was identified in the 5' region sequence of the sweetpotato ADP-glucose pyrophos- 
phorlyase gene {ibAGPl, Noh et al., GENE, 2004, 339, 173-180). 

[46] The 1,908 bp sequence of the cloned promoter was registered in NCBI GenBank 

(Accession no. AY694185, Fig. 1), Fig. 1 shows DNA sequences of a plant sucrose- 
inducible promoter and a 5' untranslated region of the sweetpotato ADP-glucose py- 
rophosphorlyase gene {ibAGPl) according to the present invention. In Fig. 1, the start 
codon 'ATG' of protein synthesis is underlined and in bold type, and the base * A' of 
the translation initiation site is indicated by '+1'. 

[47] Example 2: construction of plant sucrose-inducible vector and a transient 

expression vector 

[48] The sweetpotato ADP-glucose pyrophosphorlyase gene {ibAGPl) promoter cloned 

in example 1 and a 68 bp 5' untranslated region (SEQ NO ID: 1, Fig. 1) were inserted 
into pBIlOl or pBI221 (Clonetech) to construct a plant sucrose-inducible vector or a 
transient expression vector respectively. 

[49] More specifically, in the case of the consdruction of a plant sucrose-inducible 

vector, the sweetpotato ADP-glucose pyrophosphorlyase gene {ibAGPl) promoter, 
cloned in example 1, and a 68 bp 5' untranslated region (SEQ NO ID : 1, see Fig. 1) 
were amplified by PGR and digested with Sail and BamHI. Then they were inserted 
into the Sail and BamHI sites of pBIlOl. The vector was termed as pSPagp 1-101 (see 
Fig. 2). The primers used in the above PGR are shown in Table 1 in detail. 
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[50] For PCR amplification, after incubation for 4 min at 94''C, the following cycling 

parameters were used; 30 cycles [94°C for 1 min; 55X for 1 min; and 72°C for 1.5 min 
]. Then, the reaction was incubated for 10 min at IT'C 

[51] Table 1 



5' Primer 


5'-CGAGTCGACACTGATACTTTGGTG 
ACT-3' 


SEQ ID NO: 2 


3' Primer 


5'-TGCGGATCCTnTAAGCCGCGCTA 
CCA-3' 


SEQ ID NO: 3 



[52] In Fig. 2. GUS is a reporter gene which encodes ^-glucuronidase and selectable 

marker is kanamycin. In addition, Nos-pro represents a promoter of NPTII and Nos-ter 
represents a terminator thereof. The GUS reporter gene is expressed by an inserted 
promoter and terminator (Nos-ter) of Nos (Nopalin synthase) in plants. 

[53] In the case of the construction of a plant sucrose-inducible transient expression 

vector, the sweetpotato ADP-glucose pyrophosphorlyase gene (ibAGPl) promoter, 
cloned in example 1, and a 68 bp 5' untranslated region (SEQ NO ID : 1, see Fig. 1) 
were amplified by PCR and digested with SphI and BamHL Then they were inserted 
into the SphI and BamHI sites of pBI221. The vector was termed as pSPagp 1-221 (see 
Fig. 3). The primers used in the above PCR are shown in Table 2 in detail. 

[54] For PCR amplification, after incubation for 5 min at 94''C, the following cycling 

parameters were used; 30 cycles [94°C for 1 min; 58°C for 1 min; and IT'C for L5 min 
]. Then, the reaction was incubated for 5 min at 72*'C. 

[55] Table 2 



5' Primer 


5 -CGCGC ATGC ACTG AT ACTTTGGTG 
ACT-3' 


SEQ ID NO: 4 


3' Primer 


5'-TGCGGATCCTTTTAAGCCGCGCTA 
CCA-3' 


SEQ ID NO: 5 



[56] Example 3: transformation of Arabidopsis using the pSPagpl-101 vector 

constructed in Example 2 

[57] The pSPagpl-101 vector constructed in Example 2 was transferred to 

Agrobacterium tumefaciens C58C1 using the Freeze-thaw method (An, G. 1987, 
Methods in Enzymology). 

[58] The transformed Agrobacteria were incubated in a shaldng incubator for 2 days at 

* 

28 °C and were inoculated in the pistil of Arabidopsis thaliana cv. Columbia right 
before the blooming stage to produce the transformed Arabidopsis plant using a floral 
dip method (Clough and Bent, 1998, The Plant Journal). 
[59] Example 4: histochemical staining and enzymological assav of transformed 
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Arabidopsis 

[60] The seeds of the Arabidopsis thaliana transformants in Example 3 were harvested 

and placed on the MS growth medium containing 30 mg/L of kanamycin in order to 
screen the resistant transgenic plant. 

[61] The GUS activity of all tissues of screened Arabidopsis transformants was 

examined quantatively using the methods of histochemical staining and enzymology . 
In order to stain all of the tissues of the transformed plants, each tissue was soaked in a 
solution containing 1 mM G-glu (5-bromo-4-chloro-3-indolyl-p glucuronide), lOOroM 
sodium phosphate (pH 7.0), lOmM EDTA, O.SmlVI potassium ferricyanide, O.SmJVl 
potassium ferrocyanide, and 0.1% Triton X-100, and reacted for 12 hours at 37 °C. 
After the solution was removed, the tissues were rinsed with series of ethanol 
(70-100%) to remove the chlorophyll contained in the tissues. 

[62] As shown in Fig, 4, high levels of GUS activity were identified in leaves, phloems, 

flower stalks and root apical meristems of Arabidopsis transformed with pSPagp 1-101 
and low levels of GUS activity were identified in pollen thereof. 

[63] Example 5: identification of the activity of the sucrose-inducible promoter ( 

ibAGPl promoter) according to the present invention 

[64] In order to identify the sucrose-inducible activity of the ibAGPl promoter, the GUS 

activity was examined quantitatively with sucrose-treated transformed Arabidopsis 
using the method of Jefferson et al., (ElVlBO J. 6: 3901-3907, 1987). 

[65] More specifically, the seeds of Arabidopsis thaliana transformants were sown on 

the MS growth medium containing 0.5%, 3% and 6% sucrose and were incubated for 
14 days. 

[66] Incubated seedlings were then harvested and were ground with a solution 

containing SQvoM sodium phosphate (pH 7.0), lOmM EDTA, 0.1% Triton X-100, 
0.1% sodium lauroylsarcosine, and lOmM P-mercaptoethanol and were centrifuged at 
12,000 xg to obtain the supernatant. 

[67] The obtained supematant was reacted with ImM MUG (4-methylumbelliferyl 

glucuronide) at 37 °C. The reaction was stopped by the addition of 0.2M Na CO . The 

2 3 

fluorescence of the resultant reaction solution was measured at 365 nm and 455 nm 
using a fluorometer. By comparison between the fluorescence of a reaction solution 
and the normal curve of a MUG standard solution, the GUS activity in the Arabidopsis 
transformants was analyzed and is shown in Fig. 5, 
[68] The GUS activity shown in Fig. 5 was obtained by analyzing the twelve 

transformants (T2 line plant) treated with each sucrose concentration. For comparison, 
the pB 101 vector without the promoter and pB121 (Clonetech, USA) with the 
CaMV35S promoter were examined together. The results revealed that the GUS 
activity of the ibAGPl gene promoter increased 8 times upon treatment with 3% 
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sucrose, and increased 1 1 times upon treatment with 6% sucrose. In addition, the GUS 
activity of the ibAGPl gene promoter increased 12-15 times compared to the 
universal promoter, CaMV35S. 

[69] Example 6: identification of the activity of the sucrose-inducible promoter f 

ibAGPl promoter) in carrot taproots 

[70] In order to identify the activity of the sucrose-inducible promoter (ibAGPl 

promoter) in plant storage roots, the transient assay method was carried out using 
pSPagp 1-221 constructed in Example 2. 

[71] More specifically, the taproots of carrot in growth and enlargement stages were 

picked and washed. Then the taproots were transversely cut to 5 nun thick and placed 
on fully wet 3MM paper in Petri dishes for 4 - 5 hours at 4°C. 

[72] According to the method of Sanford et al. (1993, Meth Enzymol 217:485-509), 

DNA was mixed and coated onto gold particles 1 .0 Q in diameter. In this case, the 
following bombarding conditions were used; [1.0 Q DNA/bombardment, 1,350 PSi 
pressure of heUum gas, and a distance of 6 cm from carrots]. 

[73] After bombarding, they were placed in the darkness for 24 hours at 25^ and his- 

tochemical staining was carried out to identify the activity of GUS. In order to stain the 
cut taproots of carrot, they were soaked in a solution comprising ImM X-glu 
(5-bromo-4-chloro-3-indoly-P-glucuronide) dissolved in DMSO (dimethyl sulfoxide), 
lOOmM sodium phosphate (pH 7.0), lOmM EDTA, 0.5mM potassium ferricyanide, 
0.5mM potassium ferrocyanide and 0.1% Triton X-100, and reacted for 24 hours at 
37°C. 

[74] After the solution was removed, cut taproots were rinsed with 70% ethanol for 24 

hours and were then placed in regularly changed 100% ethanol for a few days to 

remove the anthocyanin pigments contained in the tissues. 
[75] As shown in Fig. 6, it was identified that pSPagp 1-221 shows a high level of 

activity in all carrot taproot tissues, especially increasing in proportion to the diameter 

of taproot (increasing in proportion to the sucrose content). 
[76] If the above results are considered together, it can be said that the promoter 

according to the present invention shows a high level of activity in plant storage organ 

tissues having high levels of sucrose content. 

Industrial Applicability 

[77] As described above, the present invention provides sucrose-inducible promoter and 

5' untranslated region of sweetpotato ADP-glucose pyrophosphorlyase gene {ibAGPl). 

[78] The present invention provides the plant binary vector and the transient expression 

vector prepared by inserting the promoter and the 5' untranslated region into pBIlOl or 
pBI22 1 , respectively. 
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Using the binary vector and transient expression vector, it has been identified that 
the promoter and 5' untranslated region of the sweetpotato ADP-glucose pyrophos- 
phorlyase gene (ibAGPl) according to the present invention can confer sucrose- 
inducible expression, and particularly can confer high levels of expression in plant 
storage roots which contain sucrose in relatively large quantities to accumulate starch 
in large quantities in plants. Therefore, the present invention may be useful for the 
generation of transgenic plants to produce useful proteins in large quantities in plant 
storage roots. Also, the present invention may be useful for studies in areas such as the 
metabolic engineering of storage roots using transformants or the production of 
functional materials. 



